Every polypeptide has a specific function as well as a unique functional location, i.e. an intra-or extra-cellular location where it fulfils its function. There are two facts which turned the latter into a central problem in our understanding of gene expression in both the prokaryotic and the eukaryotic cell: (i) there is one site of protein synthesis, the cytoplasm, but there are many different potential functional locations, including the endoplasmic reticulum in the eukaryotic cell or the plasma membrane in the prokaryotic cell and the extracellular space in both systems; and (ii) the site of synthesis is separated from these locations by biological membranes. Therefore, there must exist mechanisms which guarantee the specific transport of proteins across membranes and the assembly of proteins into membranes [ 11.
The mechanisms of transport of proteins across bacterial plasma membranes and membranes of the endoplasmic reticulum show a number of homologies. In both systems there is a need for a signal/leader peptide on the respective precursor protein and for a signallleader-peptide receptor on the cis side of the target membrane as well as for a signal/ leader peptidase on the trans side of the target membrane. Furthermore, there generally is no mechanistic coupling between translation and the actual membrane transport, but the folding of the precursor protein into a stable tertiary structure has to be prevented or reversed to allow transport. In addition, in both systems thkre appear to exist two classes of precursor proteins with respect to their molecular requirements for membrane transport. There is, however, one striking difference between the two systems: protein export in Escherichia coli depends on a membrane potential, but protein import into microsomes does not show a membrane potential effect.
Signallleader peptides and peptidases
The signal/leader peptides for protein export in E. coli and protein import into rnicrosomes are quite similar and can functionally substitute for each other [2-41. Furthermore, bacterial leader peptidase processes eukaryotic precursor proteins correctly and microsomal signal peptidase processes prokaryotic precursor proteins correctly.
Different mechanisms for small and large precursor proteins
There appear to be two classes of precursor proteins with respect to the molecular requirements of their membrane Abbreviation used: SRP, signal-recognition particle. transport 12, 3, 5-10]. One class consists of precursor proteins with a content of more than approximately 75 amino acid residues (including the signal peptide); the other class consists of precursor proteins comprising less than 75 amino acid residues (including the signal peptide). This distinction is based on the ribosome independence (see below) of naturally occurring small precursor proteins and the ribosome dependence (see below) of their artificial long derivatives, as well as the fact that shortening of naturally occurring long precursor proteins to about 75 amino aid residues leads to incompetent molecules in the respective transport systems. Further support for this distinction comes from the fact that the small precursor proteins show constraints with respect to their primary structures (see below), while the large precursor proteins do not show any such constraints. It is important to note in this context that approximately 40 amino acid residues of a nascent polypeptide are buried within the ribosome and that a typical signal peptide contains 20-30 amino acid residues.
Folding effect
There is no mechanistic coupling between translation and membrane transport. Folding of precursor proteins into stable tertiary structures, however, has to be prevented or reversed in order to allow transport to occur [ 1, 10-121.
Ribosome dependence (co/post-trutislutiotial tmtisport revisited)
The two mechanisms differ in several aspects from each other; these various aspects, however, are related to each other.
( a ) In the import of proteins into mammalian microsomes, the large precursor proteins typically involve the ribosome (beyond translation) and signal-recognition particle (SRP) and their respective receptors on the microsomal surface. The small precursor proteins do not depend on the ribosome (except for translation) or SRP nor the respective receptors [2, 5-8, lo] . Small precursor proteins can be imported in a truly post-translational experimental set-up, whereas large precursor proteins usually can only be imported in a posttransitional set-up when they are artificially kept on the ribosome [ 121. The explanation for the various differences seems to come from the following facts. SRP typically binds to signal peptides of nascent polypeptides as soon as they emerge from the ribosome. This interaction is proposed to lead to a subsequent SRF-ribosome interaction and to slow down or even block elongation; this effect on elongation is released by interaction of SRP with its receptor on the microsomal surface, the docking protein. At this point the signal peptide is believed to be handed over to a putative signal-peptide-receptor on the microsomal surface, the so-called signal-sequence receptor, and the ribosome is thought to bind to a putative ribosome receptor on the microsomal surface. Since the SRP/signal-peptide interaction can occur only as long as the signal-peptide is presented to SRP by the ribosome, the import process appears to be coupled to translation (giving rise to the term co-translational transport). On the other hand, since translation of a small precursor protein usually is terminated and the polypeptide released from the ribosome before any of these interactions can physically occur, the result is post-translational import. Because the small precursor proteins cannot make use of this complex system efficiently, they apparently have evolved with constraints on the primary structure of their mature part.
( b ) In the import of proteins into microsomes derived from lower eukaryotic organisms, the situation seems to be similar, if not identical, to the one described above. There is at least one exception, however, to the size rules discussed here. Prepro-a-factor behaves in every respect, tested in the homologous system, like a small precursor protein, although it comprises 165 amino acid residues. It does not involve the ribosome, but shows constraints with respect to the primary sequence. On the other hand, this precursor protein behaves like a large precursor protein when tested in a mammalian or heterologous system. ( c ) By comparison with the eukaryotic system, we concluded that in E. coli there is a role for the ribosome (the only place where this size effect makes any sense) in the export of large precursor proteins as well [3] . There also seems to be one or more component(s) involved in the export of large precursor proteins which bind to the precursor proteins when they are presented by the ribosome. In this case, however, there does not seem to be an effect of this interaction on translation; therefore, there is no coupling of the export process and translation. It seems to be possible that secA, a soluble cytoplasmic component, and secY, a membrane component, functionally make up the prokaryotic equivalent to SRP and docking protein of the eukaryotic system.
A TP dependence
Of ubiquitous importance may be the action of an ATPdependent system which has been described for protein export in E. coli as well as for protein import into microsomes. Our studies of the ATP-dependent system of the reticulocyte lysate suggested that it includes at least two components [7, 8, 11, 13, 141 . The first consists of one or more members of the hsp 70 family of proteins (hsc 70). Similar conclusions have been reached for the yeast system. We showed that hsc 70 can interact directly with the precursor protein. We suggested that this interaction creates or maintains a competent conformation of the precursor protein, in keeping with the general role postulated for hsp 70-like proteins. What is the role of the second component? We proposed that it collaborates closely with hsc 70, because the combination of hsc 70 plus limiting amounts of lysate are more active than the sum of the two components assayed on their own. It may help to release the precursor protein from hsc 70 (using the energy of ATP hydrolysis), or to maintain the latter in a functional state.
Membrane potential effect
Protein export in E. coli depends on a membrane potential even when eukaryotic precursor proteins are looked at [3] . On the other hand, there is no indication for a membrane-potential effect in the import of proteins into microsomes [7] .
General featitres of intracellitlar protein topogenesir
Proteins are synthesized in the cytoplasm of cells and arrive in one of a number of destinations in the cell. In the process of their intracellular transport, proteins cross o n e or more membranes, and the following factors are thought to be Abbreviations used: SRP. signal recognition particle; ER. endoplasmic reticulum.
Vol. 17 important: (i) a special, short sequence of amino acids comprising a signal or transit sequence located in the newly synthesized polypeptide chain and generally cleaved after translocation across the membrane; (ii) a loosely folded or unfolded conformation in the polypeptide before translocation; (iii) energy in the form of ATP, GTP or an electrochemical gradient; and (iv) certain proteinaceous components in the cytoplasm and/or the membrane.
Much is known about the way newly synthesized proteins are targeted to the appropriate membrane. In eukaryotic cells, an 11 S signal recognition particle (SRP) is thought to bind to polysomes that are synthesizing secretory proteins, causing elongation to slow or halt [ l ] until contact is made with a docking protein in the endoplasmic reticulum (ER)
